Introduction
Researchers around the world have studied liquefaction of biomass from forest and agricultural wastes and other lignocellulose products. Among the tree species studied were Japanese beech (Fagus crenata Blume) 1) , poplar (Populus ssp.), alder (Alnus ssp.), linden (Tilia ssp.) and chestnut wood (Castanea sativa Mill.) 2) and Chinese tallow (Triadica sebifera syn. Sapium sebiferum) 3) . In terms of agricultural crops, among the wastes studied were corn stover 4) , corn bran 5) , bagasse and cotton stalks 6) , moso bamboo (Phyllostachys angusta) 7) , grapevine cane (Vitis vinisera L.) 8) and oil palm (Elaeis guineensis) empty fruit bunch (EFB) 9) . Other studies involving lignocellulose products were cotton wool and filter paper 10) and waste paper 11) .
There are various uses of liquefied biomass. Among the applications that have been tried and evaluated include resol -type phenolic resin used in phenolic foam 12) , novolak phenol formaldehyde resin 13) , liquefied wood/ polyurethane films 14) , resin for moulding 15) , wood ceramics 16) , carbon fibres 17) 18)
, liquefied wood/epoxy resin 19) , polymer composites 20) , mesoporous activated carbon fibre 21) and fuel for gas . To our knowledge, no liquefaction of waste oil palm trunk (OPT) ever attempted by any researcher. Therefore, we take this opportunity to study the liquefaction of waste OPT in ethylene glycol and glycerol. . Ethanol was used to wash the liquefied OPT yield.
Feedstock preparation
Five OPT discs were cut out from the middle part of the trunk. Debarked OPT discs were then endured a further downsizing process using a band saw and a chipper.
Air dried OPT chips were ground and screened to specific sizes in between 250 and 1000 µm and were further oven dried for 24 hours before it was used as feedstock.
Oil palm trunk liquefaction
The OPT liquefaction in this study implemented the DoE methodology with aid from software by StatEase, Inc. Design-Expert ® Version 7 (Minneapolis, USA).
The experimental design adopted a 2 4-1 fractional factorial design. Four independent variables were selected to be studied that were OPT loading, time, the percentage of the catalyst and liquefaction solvents. These variables have The following Eq. (1) calculated the liquefaction yield:
(1)
Experimental design (DoE): 2 4 -1 fractional factorial design
The liquefaction experiment was carried out based on 2 4-1 fractional factorial design to study the most significant variables that influence the efficacy of OPT liquefaction.
The overall process was simplified according to the chart in 2%, while the highest was 6%. The liquefaction solvents used were glycerol and ethylene glycol. The low limit value of the solvent that is 0, meaning that 100% glycerol was used as liquefaction solvent and no ethylene glycol presented while at 100 high limit value meaning that 100% ethylene glycol was used with no glycerol presented. The summary of the variables involved is shown in Table 1 .
Based on fractional factorial designs (2 4-1 ), the number of runs generated were eight (16/2 = 8 runs) but each run was duplicated for more precise estimation. Total number of runs was 16. The number of runs, actual and coded values of independent variables is shown in Table 2 . is presented in Table 3 . The 2 4-1 fractional factorial design with 16 experimental runs were conducted in randomized order to avoid the effect of lurking variables 34) .
The final response (liquefied OPT yields) ranges from 51.36% (min) to 81.76% (max). In statistics, generally if the ratio of maximum to minimum value of the response exceeds 10, transformation such as square root, natural log, power and so forth is needed. The calculated ratio between maximum to minimum yield was less than 10, which was 1.59. Therefore, no transformation is needed. The predicted OPT liquefied yields were calculated by the statistical software. It was found that the predicted yield values were in the acceptable range with the experimental value.
Evaluation of the significance factor and interaction
The half-normal plot graphically and statistically categorizes factors (variables) and interactions into important and unimportant group. As can be seen in Fig. 2 , the half-normal plot quantitatively estimates the effect of a given primary effect and the interactions relative to the primary effect of the generated model in DoE. The plot ranked the factor/interaction importance according to the farthest to right as most important. The closer to the zero value the least important the factor/interaction is.
The Pareto chart depicted in Fig. 3 was further visualized the importance of each factors and some interactions. In this case, the coefficient of variables with t-value of effect above the Bonferroni limit (t-value of interaction that situated in between t-value limit (t-value of effect = 2.31) and Bonferroni limit was likely less significant.
The possible interactions between AB and AD for each response were also investigated as shown in Fig. 4 . 
Analysis of variance (ANOVA)
The analysis of variance (ANOVA) of the model in this study is presented in Table 4 . It shows the reliability and the significance of the model generated by the statistical software, alongside with the variables involved.
The F-value for the model is of 61.97 indicates that the model is significant. With the "Model F-Value" this large, Table 3 previously. It indicates that the model is reliable and the experiment was run carefully.
Besides, the normal probability versus internally studentized residuals were also plotted to check the model adequacy. The normal plot of residuals in Fig. 6 visually inspects whether the residuals follow a straight line. From here, it is concluded that the model had followed a normal distribution and the model is adequate. There was no abnormality observed in this study.
Response surface methodology plots
The response surface of the liquefied OPT yield that was generated will help in interpreting the effect of main factor and their interactions to the final yield. In the In a study done by Jasiukaitytė et al. 33) , they also found that lignin has less solubility in ethylene glycol with .
In a study conducted by Yao 37) , he reported that rapid liquefaction in initial phase was due to degradation of lignin components, hemicelluloses and some reachable cellulose. The yield conversion ratio became slow later on because of hard-to-access cellulose. He concluded that the early liquefaction phase affected the conversion rate of the subsequent liquefaction stages.
Conclusion
Response surface methodology (RSM) through 2 4-1 fractional factorial design could be used to determine the significant factor that affected the OPT liquefaction process. 
